ABSTRACT
Spinal muscular atrophy (SMA) is the second most common neuromuscular disease of childhood (1:6,000 newborns) with a progressive degeneration of lower motor neurons in the spinal cord resulting in muscle weakness and muscular atrophy. 1 Four types of SMA are recognized depending on the age at onset and the highest function achieved. The defining characteristic of SMA type II is ability to maintain a sitting position at some point in the course. 2 A prevalence of 36% of at least one feeding-related problem was found in patients with SMA 3 ; the prevalence in nonambulatory patients is even higher. 2 Dysfunctional mouth opening and chewing, dysphagia, and choking are often reported in patients with SMA type II. 4, 5 The swallowing problems differ from dysphagia in patients with pseudobulbar lesions (central motor neuron lesions) characterized by aspiration of thin liquid. 6 In patients with SMA type II, different factors might have a negative influence when swallowing: weak movements of the tongue; weak movements of the submental muscle group (SMG) leading to dysfunctional protection of the airways and opening of the upper esophageal sphincter (UES); and lumbar lordosis associated with anterior tilted pelvis and diminished head balance causing compensatory behavior resulting in a retracted head position which will influence the range of anterosuperior motion of the hyoid. 7, 8 Traditionally, dysphagia in SMA is described as a bulbar problem. This study was designed to determine the underlying mechanisms of dysphagia in children with SMA type II: primary neurologic problems or biomechanical problems (compensatory posture components) or a combination.
METHODS Patients and controls. Children with SMA type II attending the multidisciplinary outpatient clinic of the Children's Hospital from the Radboud University Nijmegen Medical Centre in 2008 were included if they had problems with opening the mouth, chewing, or swallowing. The control group comprised healthy children matched for age and sex.
Standard protocol approvals, registrations, and patient consents. This study was approved by the Committee on Research Involving Human Subjects of Arnhem and Nijmegen in the Netherlands and written informed consent was obtained from all guardians of patients and controls. Authorization was obtained for disclosure (consent-to-disclosure) of the patient in the photograph.
General and physical abilities. Medical information was gathered about age at onset and the frequency of antibiotic therapy for pneumonia in the past year. The Motor Function Measure scale was used to evaluate the sitting position, function of the arms, and neck and head control in the patient group.
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Feeding and swallowing assessment. Feeding and oral motor evaluation. A self-composed questionnaire for problems with swallowing related to different consistencies of food was used in all patients. The oral motor performance was evaluated by the speech language pathologist (SLP) with the validated Nijmegen Dysarthria Scale (NDS), which is a revision and translation of 2 subscales of the Therapy Outcome Measure (TOM). 10 The Dutch version of the Dysphagia Disorder Survey (DDS) was used for screening of the overall feeding and swallowing function. 11 An assessment of mandibular function in combination with a mandibular function impairment questionnaire was performed by the special dentist in both groups. 12, 13 For this study, reduced mouth opening was scored as absent or present.
Registration of swallowing. Swallowing was measured with surface EMG (sEMG) of the SMG and with a video fluoroscopic swallow study (VFSS). To assess swallowing, each subject was offered 5 mL water (referred to as liquid) with a syringe placed on the tongue and 5 g pureed potato (referred to as solid food) with a spoon. Patients were asked to swallow in 2 different postures: their usual posture (retracted posture, RP) and an adapted posture (forward posture, FP) with slightly bowing the head forward, supported by a head band. 8 The control group was asked to swallow in their normal position (FP) and in a position with a retracted neck and mandible (RP). Two successive recordings of each consistency in the different postures were collected. The VFSS was performed only in the patient group.
With the Digital Swallowing Workstation (DSW) (Kay Pentax Swallowing Workstation, Lincoln Park, NJ) posture and movements of head and neck were videotaped simultaneous with sEMG of the SMG. sEMG signals were obtained from a single 3-point disposable electrode with a 2.25-inch diameter. The sEMG activity was integrated, rectified, and displayed simultaneous with the acoustics from a stethoscopic microphone attached to the neck as a graphic trace on a computer screen (figure 1) and was calculated by the software of the DSW. The sEMG was used to evaluate the duration (in seconds) and muscle activity of the SMG (average amplitude in V) of each swallow act.
14, 15 The duration of swallowing was defined as from the moment that the food was placed in the mouth until swallowing was completed. The average of 2 successive recordings was calculated for each patient and control.
During the VFSS, the patients sat in their own wheelchairs, turned laterally to the image intensifier. The water was mixed with a water soluble contrast medium (Xenetix 300 mg, Guerbet, Belgium) and the pureed potato was mixed with barium powder (EZHD Barium Sulfate 98%, Guerbet, Belgium). The video files were captured and stored on the DSW. In our clinic, a judgment of the VFSS is done by the radiologist, SLP, and pediatric neurologist, comparable with other clinics. 16 The observation items in the VFSS were set as follows: posterior propulsion of the tongue, piecemeal deglutition (fragmentation of the bolus over the dorsum of the tongue with the need of Ն3 swallows to clear the oral cavity), postswallow residue in vallecula and pyriform sinuses or both, penetration above the vocal folds, aspiration, UES opening, and postswallow residue above UES. A 3-point scale (0 normal, 1 slightly disturbed, 2 disturbed) was Figure 1 Computer screen of the Digital Swallowing Workstation
Video image from a patient in the forward position, graphic trace of the surface EMG of the submental muscle group and the acoustic signal of swallowing: (A) surface EMG peak of the submental muscle group preceding swallow; (B) acoustic signal of swallowing.
used to quantify each item. 6, 16 Because of the complexity in judgments involved in VFSS, the video files were reviewed by 2 experienced SLPs, who were not blinded. The scores of the VFSS items were based on consensus.
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Statistical analysis. Descriptive statistics in terms of mean and SD were used to describe the average amplitude of the sEMG signal and the duration of swallowing per group. The difference between the amplitude of the sEMG signal during RP and FP and the duration of swallowing was tested using the nonparametric Wilcoxon matched-pairs signed-ranks test. The test was 2-tailed and conducted at the 5% significance level. Descriptive statistics in terms of median were used for the scores on the VFSS.
RESULTS
Six children with SMA type II, from 6.4 to 13.4 years (mean 9.7 Ϯ SD 2.9), were included. Patient characteristics are described in table 1. The control group comprised 6 healthy children from 6.4 to 13.8 years (mean 9.6 Ϯ SD 2.8). In all patients, the sitting position was characterized by a more or less retracted neck and mandible.
Feeding and oral motor evaluation. Scored on the NDS, all patients had oral motor problems, especially with tongue movements (table 2) . Elevating their tongue tip and clacking their tongue was abnormal. Fasciculations and atrophy of the tongue were visible in all patients. Patient 5 had a score on the DDS of 4 because of supplementary feeding through a gastrostomy. Results of the registration of his swallow acts were in the range of the other patients.
Registration of swallowing. Results of the duration measurements of the sEMG of the SMG are presented in table 3. In the patient group, the results of the average amplitude of the SMG during swallowing (table e-1 on the Neurology ® Web site at www. neurology.org) are characterized by high amplitudes during swallowing liquid and solid food. In the control group, the differences between liquid and solid food swallows were greater than in the patient group. In the FP, smaller amplitudes were found in all groups, indicating that less strength is needed. The differences in amplitude between RP and FP were significant for solid food in the patient group and for liquid in the control group.
The VFSS showed more problems with solid food than with liquid (figure 2). Piecemeal deglutition and postswallow residue especially in the vallecula and above the UES were striking. Less residue in the vallecula and above the UES was observed in FP. None of the patients showed penetration above the vocal folds or aspiration during or after swallowing. DISCUSSION Patients with SMA type II have abnormal patterns during swallowing solid food with piecemeal deglutition, vallecular residue, and residue above the UES and measured with sEMG of the SMG with a significant relation to head position. This study only comprised 6 children with some variability in functional ability and problems with feeding and swallowing, but they all have a sitting position with the head more or less in retraction and they show the same patterns during the registration of swallowing. Low ratings on the MFM item 14, * †Items on self-composed questionnaire. *Problems with choking on thin liquid and solid food, the feeling of food sticking in the throat, and chewing problems were scored with a 5-point scale: 0 ϭ no problems, 1 ϭ Ͻ1 time a day, 2 ϭ once every day, 3 ϭ several times a day, 4 ϭ food is not offered. †Problems with duration of meals were scored on a 5-point scale: 0 ϭ normal, 1 ϭ sometimes Ͼ30 minutes, 2 ϭ always Ͼ30 minutes, 3 ϭ Ͼ45 minutes, 4 ϭ Ͼ60 minutes. ‡NDS ϭ Nijmegen Dysarthria Scale: 0 ϭ no dysarthria, 1 ϭ mild dysarthria, 2 ϭ moderate dysarthria, 3 ϭ moderate/severe dysarthria, 4 ϭ severe dysarthria, 5 ϭ most severe dysarthria.
§ DDS ϭ Dysphagia Disorder Survey: 0 ϭ no dysphagia, 1 ϭ mild dysphagia, 2 ϭ moderate dysphagia, 3 ϭ severe dysphagia, 4 ϭ profound dysphagia.
indicating problems with head balance, were found in combination with reduced mouth opening. It has been argued that poor head control due to weak neck flexors and extensors with a habitual head posture is responsible for abnormal craniofacial morphology, like a reduced mouth opening. 7 These head balance and mouth opening problems are not unique for SMA type II as they are also seen in advanced stages of SMA type III. 4 The need for multiple swallows to clear the oral cavity especially for solid food is caused by reduced movements and weakness of the tongue. In our patient group, abnormal tongue movements scored on the NDS are present in all patients due to the lower motor neuron problems caused by degeneration of cranial nuclei in the brainstem. This phenomenon also explains the high amplitude of the motor unit potentials of the SMG during swallowing liquid in the patient group caused by reinnervation of the denervated fibers in SMA resulting in an increased number of fibers per motor unit. 18 Normal swallowing is under control of the CNS. Five cranial nuclei (V, VII, IX, X, and XII) convey their stimuli to the reflective swallowing center, in particular the nuclei tractus solitarius, in the medulla oblongata. In SMA, the swallowing reflex itself is not disturbed, proved with normal swallowing of liquid. However, swallowing solid food requires more activity of the SMG than swallowing liquid, which can be seen in the control group. The involvement of the medulla oblongata (bulbus) results in paresis causing the problems in swallowing solid food due to lacking strength. In the patient group, there was only a slight difference in height of muscle activity between swallowing liquid and solid food. For solid, normally more muscle activity is necessary, but we suppose that they are already using their maximum capacity when swallowing liquid. This observed lack of strength causes an insufficient movement of the hyoid and opening of the UES for transport of solid food with postswallow residue above the UES. 19 A more forward posture of the head can facilitate a wider range of anterosuperior motion of the hyoid. There was a significant difference between RP and FP both in duration and amplitude measured with sEMG when swallowing solid food and in residue in the vallecula and above the UES during the VFSS. This supports the theory that there is also a biomechanical component.
In a recent case study of a 21-year-old man with SMA type II, percutaneous injection of botulinum toxin A into the cricopharyngeal muscle to treat pooling of material in the pyriform sinus and reduced relaxation of the UES was reported. 20 We assume that the dysphagia is not caused by an insufficient relaxation of the cricopharyngeal muscle but by insufficient movements of the SMG and the hyoid. Injecting botulinum toxin A results in local increase of paresis, making passing the food easy, but with the hazard of more residue in a lower part of the esophagus. This could result in reflux and aspiration risk.
In recent literature relating to SMA, the relationship between feeding and swallowing problems and recurrent pneumonias has been emphasized, but the mechanisms unexplained. Following the Consensus Statement for Standard of Care in Spinal Muscular Atrophy, a VFSS should always be performed if there are concerns about the safety of swallowing. If frequent pneumonia occurs, one must consider the possibility of aspiration, which may be silent (i.e., without evident choking or coughing) or indirect. The average duration of swallowing in seconds (mean Ϯ SD) in the patient group is as twice as long as in the control group. For the duration of swallowing, 3 of the 6 children did better when swallowing liquid and all patients did better when swallowing solid food in the forward position. *The average duration of swallowing revealed a significant difference between the 2 head positions in the patient group when swallowing solid food (matched-pairs signed-ranks test). RP ϭ retracted posture; FP ϭ forward posture.
